. (1976). Thorax, 31,[610][611][612][613][614][615][616] Chylothorax: report of a case complicating ductus ligation through a median sternotomy, and review. An unusual case of chylothorax is described in a 4-year-old child after repair of a ventricular septal defect and ligation of a patent ductus arteriosus through a median sternotomy. Left chylothorax developed after a latent period of six days and was treated initially with continuous drainage and parenteral supplementation of proteins and lipids. Operative intervention with oversewing of the site of the leak in the anterior mediastinum proved necessary after three weeks. The anatomical variations of the thoracic duct are outlined to explain the occurrence of chylothorax after diverse intrathoracic operations. The physiological effects of a thoracic duct fistula and various aspects of management are reviewed.
Chylothorax was first described by Bartolet in 1633. Subsequent reviews of chylothorax are summarized in Table I .
Post-thoracotomy chylothorax has usually followed procedures carried out in close proximity to the normal anatomical course of the thoracic duct. It is rare for this complication to follow surgical procedures in areas remote from the thoracic duct (Maloney and Spencer, 1956; Garamella, 1958; Glenn et al., 1965; Tandon, 1968) . This communication describes an unusual case of chylothorax resulting from injury to the left internal thoracic lymph trunk, which allowed retrograde flow of chyle from the thoracic duct via the left bronchomediastinal trunk. The anatomical, physiological, and aetiological aspects of thoracic duct injury are reviewed and the management of iatrogenic chylothorax is discussed.
CASE REPORT
A 4-year-old girl underwent closure of a ventricular septal defect and ligation of patent ductus arteriosus on 1 April 1974. Preoperatively she was ill with severe pulmonary hypertension and incipient cardiac failure. Surgical approach was through a median sternotomy, the ductus was doubly ligated, and the ventricular septal defect was closed during heart-lung bypass. The early postoperative period was uneventful.
On the sixth postoperative day she became acutely short of breath and hypoxic with signs of peripheral circulatory failure. A chest radiograph showed a mediastinal opacity, fluid in the left chest, and partial collapse of the left lung.
She improved after tracheostomy, the insertion of an intercostal drain into the left pleural space, and re-inflation of the left lung. At the time of insertion, the chest drain yielded 400 ml of creamy fluid. The child was not toxic, had no elevation of temperature, and had a normal white cell count. The fluid was sterile on culture; microscopy revealed no pus cells or micro-organisms but showed the presence of lymphocytes and chylomicrons. The diagnosis of chylothorax was thus established.
For the next 18 days drainage of chyle continued at a fairly constant rate, averaging 265 ml/24 hours. That is, about 10% of her blood volume per day. Towards the end of the third week drainage showed no signs of abatement: (Greenfield and Gottlieb, 1956) . A number of variations have been described at the site of termination (Greenfield and Gottlieb, 1956; Romanes, 1972) . The thoracic duct contains valves which correspond to the site of possible external pressure. Those at the cephalic end are not always competent (Basmajian, 1971) , and a retrograde flow of chyle is possible (Thomas and McGoon, 1971 About 1500-2400 ml of chyle empties into the venous system daily in an adult. This flow is increased by food or fluid intake and is reduced by starvation. The forward flow of chyle is influenced by intra-abdominal and intrathoracic pressure changes, smooth muscle contractions of the duct wall, adjacent arterial pulsations, and the blood flow in the great veins (Bower, 1964) .
Chyle is a milky or creamy white, alkaline, odourless fluid. Its specific gravity varies between 1012 and 1-020 (Nix et al., 1957) . Its appearance is considerably altered by changes in the diet and its fat content. In starvation and while the patient is on a fat-free diet it appears thin and watery.
The thoracic duct is the main pathway for the return of fats and extracellular plasma proteins to the circulation. Fats are absorbed as chylomicrons (5,u in diameter) composed essentially of triglycerides (81-97%), cholesterol, and phospholipids (Wiseman, 1964) . The majority of the fatty acids containing more than 10 carbon atoms are returned through the thoracic duct as esterified fatty acids. Fatty acids with fewer than 10-12 carbon atoms are transported into the portal venous blood as unesterified or free fatty acids (Wiseman, 1964) .
The electrolyte, protein, lipid, and sugar contents of chyle may approximate to those of serum but are subject to wider variation with diet (Crandall, Barker, and Graham, 1943 1964). The thoracic duct is also the route by which most of the lymphocytes produced in the reticuloendothelial system are introduced into the circulation (Yoffey and Courtice, 1956) . Chyle is sterile and bacteriostatic; cultures of Escherichia coli and Staphylococcus aureus fail to multiply in pure chyle (Lampson, 1948 Goorwitch, 1955) were due to closed-chest injuries or perforating injuries from bullet or stab wounds; hyperextension injuries of the spine, especially after an automobile accident, may also result in chylothorax (Goorwitch, 1955) .
Iatrogenic chylothorax has been reported from time to time after a diverse range of operations (Table III) , especially involving the great vessels in the thorax. Its occurrence after intrapericardial operations is rare.
Spontaneous chylothorax due to sudden increase in intrathoracic or intra-abdominal pressure (Lampson, 1948) , extrinsic compression, and intrinsic destruction (Nix et al., 1957; Bower, 1964) have also been described. MANAGEMENT A latent interval between the time of injury to the duct and the appearance of a chylous effusion has frequently been described (Randolph and Gross, 1957; Garamella, 1958; Tandon, 1968; Higgins and Mulder, 1971) ; during this period the chyle accumulates underneath the mediastinal pleura and finally breaks through to enter the pleural cavities. This usually occurs after 2-10 days but latent intervals of up to six weeks have been reported (Higgins and Mulder, 1971) . The clinical picture varies with the amount of chyle lost but has certain common features, namely, an effusion, cardiorespiratory distress, appearance of chyle through intercostal drainage tubes or leakage of chyle from the wound.
The diagnosis may be established by chemical analysis of the fluid and by microscopic detection of the chylomicrons. Serial estimation of lipids, proteins, and lymphocyte count are useful in monitoring the consequences of the chyle loss. Treatment consists of (1) the establishment of effective drainage of the pleural cavity with reexpansion of the lung; (2) the replacement of fats, proteins, and fluid lost; and (3) surgical repair of the leak in a majority of cases.
In a number of cases, simple drainage of the pleural space with consequent re-expansion of the lung will be followed by spontaneous closure of the leak (Decan9q, 1965; Chavez and Conn, 1966) . Maloney and Spencer (1956) treated 11 patients by multiple aspirations and two patients subsequently required ligation of the duct.
Parenteral supplementation of lipids and proteins may be necessary (Tandon, 1968) . Restriction of fats in the diet diminishes the flow of chyle and helps in early closure of the defect. Diet containing medium-chain triglycerides (less than 12 carbon atoms) may be a valuable adjunct in the clinical management of chylous fistula since they are absorbed directly into the blood stream and do not enter the thoracic duct system (Hashim etal., 1964) .
Where the leak continues after conservative management for one to two weeks, most authorities would agree that it should be closed surgically. Efforts should first be made to identify the site of the leak.
Location of the site of injury in the thoracic duct is frequently difficult due to fibrin exudates, adhesions, and collapse of the duct itself. A large number of supravital and radio-opaque dyes have been used with variable success to demonstrate the site of thoracic duct injury before or during the operative procedure (Chavez and Conn, 1966; Higgins and Mulder, 1971; Stranahan et Having localized the defect, the duct should be ligated on either side of the defect. In the presence of multiple leaks, when the tissues are soaked with chyle, it is usually sufficient to suture the mediastinal pleura at the site of the leak (Ross, 1961) . Where duct injury is detected during the course of an intrathoracic operation, ligation of the duct just above the diaphragm has been recommended (Glenn, 1969) . 
